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Background: Prolonged, uninterrupted sitting time is associated with poor health outcomes. 
As most sitting time occurs at work, accurate, objective measurement of occupational sitting 
patterns is required to fully understand its effects on employee health.  
Purpose: The purpose of this study was to examine associations between desk-based sitting 
patterns, waist circumference (WC) and body mass index (BMI).  
Methods: Participants were full-time, office-based employees (N=105; mean age 40.9±11.5 
years; BMI 26.1±3.9, 65% women). Sitting patterns (total desk-based sitting time and number 
of times employees got up from their desk) were assessed for five days using an objective 
measure of desk-based sitting, the sitting pad. WC, height and weight were measured, and 
BMI calculated (weight/height
2
). Associations between sitting patterns, WC and BMI were 
tested using logistic regression models. Data were collected and analysed between 2011/12.  
Results: Those with high sitting time at their desk were 2.7 times (95% CI: 1.3 to 6.3) more 
likely to have WC ≥94 cm (men) or ≥80cm (women), and 9.0 times (95% CI: 1.9 to 41.9) 
more likely to have BMI ≥30 than those with lower sitting time. There were no significant 
associations between the number of times employees got up from sitting at their desk and 
WC or BMI.  
Conclusion: High desk-based sitting time was associated with increased likelihood of weight 
related health outcomes whereas frequency of getting up from sitting at the desk was not.  
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Introduction 
Prolonged periods of sedentary time (primarily sitting) are associated with increased 
mortality, metabolic syndrome and cardiovascular disease.
1-7
 There are indications that not 
only is total sedentary time important, but also how this time is accumulated throughout the 
day. Previous studies have shown that frequent interruptions in sedentary time may be 
associated with beneficial health outcomes,
8,9
 suggesting that breaking up sedentary time may 
offset the detrimental effects of high total sedentary time. 
With 66% of daily sitting occurring at work, the potential health effects for employees 
exposed to high volumes of occupational sitting is an area of interest.
10
 Previous studies that 
have assessed the health effects of occupational sitting primarily used self-report measures 
which cannot accurately report individual sitting patterns (sitting time and interruptions to 
sitting).
11,12
 Accelerometers are commonly used to provide an objective measure of activity 
patterns and sedentary behaviour. However, they cannot distinguish between sitting and 
standing still.
13-15
 In order to report accurately on the relationship between occupational 
sitting patterns and health outcomes, objective measures that measure postural change are 
needed.  
A device has been developed called the sitting pad (SP), which accurately measures desk-
based sitting patterns.
16
 A recent study using this device showed that almost two thirds of 
administrative employees’ working hours are spent sitting at their own desk.17 It is therefore 
plausible that desk-based sitting may contribute to any negative health effects associated with 
occupational sitting. The aim of this study was therefore to examine the associations between 
desk-based sitting patterns with WC and BMI.  
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Methods 
Study design and participants 
Full time employees from five organisations (mostly state and local government) in urban 
Brisbane, Australia, took part in this cross-sectional study. Study information was 
disseminated to approximately 2500 employees through internal distribution channels with 
the aim of recruiting around 200 employees.  
The study consisted of an anthropometric assessment, seven day collection of objectively 
measured desk-based sitting time and physical activity, and an online survey. Consent was 
signed prior to the anthropometric assessment. Data were collected and analysed from 
October 2011 till July 2012. Study protocols were approved by the Human Research Ethics 
Committee of The University of Queensland, Australia.  
Anthropometric measurement 
Anthropometric assessments were conducted by trained researchers, using standardised 
protocols. Height was measured with a portable stadiometer (Seca 213, Seca, UK), and 
weight using digital scales (Nuweigh LOG842, USA). BMI was calculated as weight (kg)/ 
height
2
 (m
2
) and dichotomized, with ≥30 (obese) defined as high risk. WC was measured 
using a flexible steel tape (Lufkin W606PM, USA), and high risk was defined as ≥94cm for 
men and ≥80cm for women.18 
Diary data and survey 
A seven day diary was provided for employees to record work start and finish times. 
Participants were also asked to record whether they were predominantly sitting at their desk 
for each work day. Employees were sent a link via email to an online demographic survey 
(LimeSurvey, version 1.92; Build 120330) that included questions about age, qualification, 
smoking status, health status and annual income. Time spent at work was calculated from 
diary data. 
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Sitting time and physical activity measurement 
Desk-based sitting time and sit to stand transitions (STS, i.e. the number of times employees 
got up from siting at their desk) were measured using the SP. It comprises a cushion placed 
on the office chair containing a pressure sensor to detect transitions to and from sitting. A 
microcontroller then records a time stamp to the second for each sitting and standing event. 
The SP has been previously validated elsewhere.
16
 SPs were fitted by researchers to 
employee’s office chairs on the day of the anthropometric assessment. SP data were 
downloaded using a proprietary software package which produces a spread sheet output of 
raw data (Microsoft Excel 2007). Only days with both diary and SP data were included, and 
days when employees reported they were not predominantly sitting at their desks (e.g. 
working from home) were excluded from analyses. Diary recorded work time of ≥6 hours per 
day was classified as a valid work day, with three or more valid work days required for 
analyses to represent the majority of the working week. Desk-based sitting time and STS, 
were calculated for each employee, and dichotomised on the medians (high desk-based sitting 
time ≥352.15mins/day; low desk-based STS ≤26/day). 
ActiGraph GT3X+ (AG) were used to assess employees’ moderate to vigorous physical 
activity (MVPA). Detailed methods on AG data collection and handling for this cross-
sectional study have been described in full elsewhere.
19
 For the purpose of this paper, data 
were categorised into MVPA using established cut points and presented as average total 
MVPA (weekday and weekend) and MVPA at work.
15,20
 MVPA was dichotomised as < or ≥ 
30 minutes per day for use in the interaction analyses.  
Statistical analyses 
All data were analysed using SPSS (IBM SPSS Statistics v20.0.0). Continuous sample 
characteristics were presented as means ± standard deviations (SD) and categorical data were 
presented as number and proportions. Differences in participant characteristics between high 
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and low desk-based sitting and high and low STS were analysed using Chi-squared tests for 
categorical and t-tests for continuous variables. Associations between desk-based sitting and 
desk-based STS with WC and BMI were tested using logistic regression models. Logistic 
regression was appropriate as categorization of sitting time improved the distribution of 
residuals so that assumptions for linearity were met. The models were analysed unadjusted 
and with adjustment for those confounders which led to a change in the regression coefficient 
of more than 10%. Potential confounders were sex, age, MVPA, annual income, and 
qualification. Only age and sex met the criteria for confounding and were included in the 
adjusted models. Interaction effects of MVPA in the associations between desk-based sitting 
time, STS and WC and BMI were tested by adding interaction terms to the respective models 
(i.e. sitting*MVPA and STS*MVPA). Significance level was set at <0.1 for interactions and 
at <0.05 for all other analysis. 
 
Results 
Of the 180 employees who expressed interest in the study, 157 met the inclusion criteria and 
signed informed consent, with 151 completing the anthropometric measures. Almost one 
third of employees (n=46) were excluded owing to insufficient SP and diary matched days, 
leaving 105 who provided data for analyses. Characteristics for the total analysis sample and 
by desk-based sitting patterns are presented in Table 1. Mean age was 40.9±11.5 years and 
65% of participants were women. Most employees were non-smokers (53%), with 51% rating 
their own health as very good or excellent. Participants worked 8.7 ± 0.8 hours/day on 
average, of which 67% was spent sitting at their own desk (SP; 5.8 ± 1.2 hours/day). 
Employees got up from sitting at their desk approximately three times every hour of work 
(SP; STS 29 ±13). Average MVPA at work was 16.8 ± 13.2 minutes per day (AG). 
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Significant differences were found between high and low desk-based sitting for WC (p=0.01) 
and BMI (p=0.02), with high sitting associated with a 6.1cm larger WC and a 1.8kg/m
2
 
higher BMI. There were no statistically significant differences between low and high desk-
based STS for WC or BMI. Also, there were no statistically significant differences between 
employees in the high and low desk-based sitting groups or low and high STS groups for any 
of the demographic characteristics or for MVPA, total or at work (See Table 1). 
Relationships between desk-based sitting time and STS with risk of high WC and BMI are 
shown in Table 2. Interaction effects of MVPA in these associations were found to be 
significant in only one of the four associations tested (sitting time and BMI; p=0.05). For 
other associations the p-values ranged from 0.17 to 0.81. As this single significant interaction 
might be due to chance and for reasons of sample size and consistency, further analyses were 
not stratified for MVPA. In unadjusted models, those with high desk-based sitting time were 
2.8 times (95% CI: 1.3 to 6.3) more likely to have a high risk WC and 9.0 times (95% CI: 1.9 
to 41.9) more likely to have a high BMI than low desk-based sitters. After adjustment for 
confounders, these associations were largely unchanged. For desk-based STS, there were no 
associations with WC or BMI.  
Discussion  
The aim of this study was to examine the associations between desk-based sitting patterns, 
WC and BMI. The findings suggest that, for this sample, those with high desk-based sitting 
time are more likely to have high WC and BMI, than those who sit for less time at their 
desks. However, frequency of getting up from sitting at the desk was not significantly 
associated with WC or BMI. 
While not specific to the workplace or measuring postural allocation, several studies have 
shown relationships with accelerometer measured daily sedentary time with WC and 
BMI.
9,21-26
 For example, British researchers reported that each additional hour of sedentary 
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time is associated with a 1.89cm larger WC in 30 to 80 year olds with newly diagnosed type 
2 diabetes.
22
 Although accelerometers may not directly measure sitting, these cumulative 
findings suggest associations between sedentary time and WC and BMI.  
Unexpectedly, the findings did not show that frequent interruptions to sitting time lessened 
the association with high WC or BMI. Other studies have however shown favourable 
associations between accelerometer measured interruptions to sedentary time with WC
8,9,22
 
and BMI.
8
 Healy et al.
8
 reported significant associations between interruptions in sedentary 
time and both outcomes, with the highest quartile of interruptions associated with an 5.9cm 
lower WC than those in the lowest quartile. Similarly, Cooper et al. (2012) also reported a 
0.15cm lower WC for each interruption in sedentary time.
22
  
The contrasting evidence between the findings in the present study and those that use 
accelerometers could be explained by the different methods used to assess an ‘interruption’. 
In the present study, STS were measured by recording each postural change from sitting to 
standing while with accelerometer data, each minute of activity data is aggregated and an 
interruption defined as a change in activity threshold from sedentary to light intensity across 
consecutive minutes.
8,9
 Postural devices and accelerometers may therefore be measuring 
related, but fundamentally different activities in regards to interruptions, with this 
measurement variability possibly impacting on associations with health outcomes. 
The use of the SP to objectively measure both sitting time postural change is a strength of this 
study. Other study strengths include recruiting participants from real office settings, and 
using multiple assessment measures. However, this latter point may have contributed to 
participant burden and a subsequent small sample size, creating large confidence intervals 
and lack of power to detect statistically significant associations using continuous variables. 
The sample size may also limit the generalisability of the results. This study should therefore 
be replicated in other office based settings and workplaces. 
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Although the present study showed significant positive associations between desk-based 
sitting time and indicators of weight related health outcomes, owing to the cross-sectional 
study design, no inference can be made about causality; does prolonged sitting time cause 
increases in WC and BMI, or do employees with high WC and BMI sit more or choose 
occupations with less activity? To answer these questions studies with longitudinal or 
experimental designs, larger samples and objective measures of occupational sitting, will be 
required. 
Conclusion  
This study provides preliminary evidence to suggest that high desk-based sitting time, as 
measured by the SP, was associated with having a high-risk WC and BMI. These findings 
highlight desk-based sitting as a potential context for intervention. However, frequent 
interruptions were not associated with either outcome. The relationship between interrupting 
occupational sitting and health outcomes requires further investigation. 
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Table 1. Characteristics for the total analysis sample, and by desk-based sitting patterns. 
 
Characteristics 
 
 
Total  
 
 High sitting 
desk 
Low sitting 
desk 
p value  High STS  
desk 
Low STS  
desk 
p value 
Age (years) (n=105) mean ± SD  40.9 ± 11.5  42.6 ± 10.8 39.1 ± 12.0 0.11  41.9 ± 12.0 39.8 ± 11.0  0.34 
Sex (n=105) n (%)      0.60    0.34 
 Male  37 (35.2)  20 (37.7) 17 (32.7)   16 (30.8) 21 (39.6)  
 Female  68 (64.8)  33 (62.3) 35 (67.3)   36 (69.2) 32 (60.4)  
Qualification (n=89) n (%)      0.07    0.12 
 No formal after school qualifications  15(16.9)  10 (21.7) 5 (11.6)   9 (20.0) 6 (13.6)  
 Certificate / diploma  41(46.1)  24 (52.2) 17 (39.5)   24 (53.3) 17 (38.6)  
 University degree or higher  33(37.1)  12 (26.1) 21 (48.8)   12 (26.7) 21 (47.7)  
Annual income ($AUS) (n=88) n (%)      0.27    0.12 
 <$60k  26(29.5)  15 (33.3) 11 (25.6)   17 (38.6) 9 (20.5)  
 $60-80k  40(45.5)  22 (48.9) 18 (41.9)   19 (43.2) 21 (47.7)  
 >$80k  22(25.0)  8 (17.8) 14 (32.6)   8 (18.2) 14 (31.8)   
BMI (n=105) mean ± SD  26.1 ± 3.9  27.0 ± 3.2 25.2 ± 3.2 0.02  26.0 ± 3.9 26.3 ± 0.69 0.69 
Waist circumference (cm) (n=104) mean ± SD  83.8 ± 11.4  86.8 ± 12.0 80.7 ± 9.9 0.01  83.1 ± 11.4 84.5 ± 11.4 0.55 
Physical activity mean ± SD           
 Total MVPA (n=90) (mins/day)  44.3 ± 25.3  41.1 ± 25.5 48.1 ± 24.8 0.20  44.8 ± 25.8 43.8 ± 25.1 0.86 
 MVPA at work (n=97) (mins/day)  16.8 ± 13.2  14.9 ± 13.2 18.9 ± 15.8 0.14  17.1 ± 16.0 16.5 ± 9.9 0.83 
Average daily desk-based sitting and STS dichotomised on the median (high desk-based sitting time ≥352.15mins; low desk-based STS ≤26). 
 
 
 
 
 Total High waist  
circumference 
Crude Adjusted Total High 
BMI 
Crude Adjusted 
 n n(%) RR(95% CI) RR(95% CI) n n(%) RR(95% CI) RR(95% CI) 
Desk-based         
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Table 2. Association of desk-based sitting time and sit to stand transitions (STS) with high-risk waist circumference and BMI. 
High waist circumference categories (n=104) (men ≥94cm; women ≥80cm) 
High BMI (n=105) (≥30) 
Sitting variables were dichotomised on the median (High desk-based sitting ≥352.15mins; low desk-based STS ≤26)  
Adjusted model: All models adjusted for age and sex  
sitting time  
 Low (ref) 51 17 (35.4) 1.00  1.00 52  2 (12.5) 1.00 1.00 
 High  53 31 (64.6) 2.82 (1.27 to 6.26) 2.69 (1.17 to 6.19) 53  14 (87.5) 8.97 (1.93 to 41.85) 8.95 (1.87 to 42.85) 
Desk-based 
STS  
        
 High (ref) 52  24 (50.0) 1.00  1.00 52  8 (50.0) 1.00 1.00 
 Low  52  24 (50.0) 1.00 (0.46 to 2.16) 1.13 (0.50 to 2.55) 53  8 (50.0) 0.98 (0.34 to 2.84) 0.90 (0.30 to 2.69) 
